Abstract
Introduction
Historically, galacto-oligosaccharides (GOS) have referred to non-digestible oligosaccharides (NDOs) consisting of 1-7 galactose units linked via (1-2), (1) (2) (3) , (1) (2) (3) (4) , or (1-6) glycosidic bonds to either a terminal glucose or galactose. 1, 2 They are formed through the enzymatic reaction of -galactosidase with lactose to form oligosaccharides with -glycosidic bonds (when the stereocenter furthest from C1, the anomeric position has different stereochemistry). 3 Raffinose family of oligosaccharides (RFOs) are synthesized by plants to serve a variety of functions such as protecting the embryo from maturation associated with desiccation, serving as transport carbohydrates, acting as signalling molecule following pathogen attack and accumulating in vegetative tissues in response to a range of abiotic stresses. 4 RFOs include oligosaccharides such as raffinose, stachyose and verbascose. RFOs can make up 5-8% of the dry matter in plants such as peas, beans and lentils. 5 GOS with -glycosidic bonds are members of the RFOs. The -GOS (AlphaGOS ® ) used in this 90-day rat toxicology study is a mix of -1,6-linked chains of D-galactose attached to the 6-position of D-glucose derived from pea RFO. These bi-, tri-and tetrasaccharides, respectively, named melibiose, manninotriose and verbascotetraose are derived from RFOs ( Figure 1 ).
The -1,6 glycosidic bonds are hydrolyzed by -galactosidase. Because humans do not produce this enzyme, the -GOS product, AlphaGOS, like RFO, passes through the upper gastrointestinal tract without being hydrolyzed and reaches the large intestine intact. 6 AlphaGOS is fermented by microflora in the large intestine. Raffinose and other GOS of the RFO have been shown to increase the numbers of the beneficial bacteria Bifidobacterium and Lactobacillus in both humans 7, 8 and rats. 9 Additionally, 15 g/day of raffinose decreased the counts of harmful Clostridia bacteria in the human intestine. 7 In order to establish the safety of the -GOS product, AlphaGOS, as an ingredient in selected food products, a 90-day toxicology study was conducted in Sprague Dawley rats.
Materials and methods

Study design and study animals
A 90-day rat toxicology study was completed by CiTox-LAB France under good laboratory practices (GLP) conditions and in accordance with OECD guideline #408.
Sprague Dawley rats were obtained from Charles River Laboratories, Calco, Italy. Upon receipt, two same-sex animals, from the same group, were housed per cage. Prior to starting the treatment, animals were allowed to acclimate to study environment for 9 days (temperature: 22 + 2 C; humidity: 50 + 20%; light/dark cycle: 12 h/12 h). Rats were 5-6 weeks old and had a mean body weight of 171 g and 139 g for male rats and female rats, respectively. Ad libitum feed and water were provided to the animals.
Ten male and 10 female rats were either given 2000 mg/ kg/day AlphaGOS or vehicle (reverse osmosis-treated drinking water) in the morning via gavage for 90 days. Animals were monitored twice daily for mortality and once daily for aberrant clinical signs. Detailed clinical examinations (skin, fur, eye, mucous membrane changes; occurrence of secretions and/or excretion; autonomic activity, changes in gait, posture and response to handling; clonic or tonic movements), individual body weight and feed consumptions (per cage) were recorded weekly. On week 12 of treatment, animals underwent a functional observation battery (assessment of reactivity to manipulation and different stimuli and motor activity) and ophthalmological exam. Fasting (at least 14 h ) urine and blood samples were collected following the completion of the treatment period, and animals were killed for a full macroscopic and microscopic post-mortem examination. Organs weighted at the completion of the study include adrenals, brain (medulla/ pons, cerebellar and cerebral cortex), epididymides, heart, kidneys, liver, ovaries (including oviducts), spleen, testes, thymus and uterus (with horns and cervix). The following tissues were collected and preserved: adrenals, aorta, brain (medulla/pons, cerebellar and cerebral cortex), cecum, colon, duodenum, epididymides, esophagus, eyes (with Harderian glands), femoral bone (with articulation), gutassociated lymphoid tissue, heart, ileum, jejunum, kidneys, liver, lungs (with bronchi), lymph nodes (mandibular and mesenteric), mammary glands, ovaries (including oviducts) pancreas, pituitary gland, prostate (dorsolateral and ventral), rectum, salivary glands (sublingual and submandibular), sciatic nerve, seminal vesicles (including coagulation gland), skeletal muscle, skin, spinal cord (cervical, thoracic and lumbar), spleen, sternum (with bone marrow), stomach (with forestomach), testes, thymus, thyroids (with parathyroids), tongue, trachea, urinary bladder, uterus (horns and cervix) and vagina. All organs, except for the eyes, femoral bone, skeletal muscle and tongue, were examined microscopically.
Test article
AlphaGOS (-GOS product) was supplied by Olygose (Venette, France) and was dissolved in water treated by reverse osmosis. Test article composition was analytically verified and supplied to the testing laboratory with a certificate of analysis. Test article and vehicle only were delivered at a volume of 10 ml/kg/day. Test article in solution was stable for 2 weeks under refrigerated conditions protected from light and prepared accordingly.
Statistical analysis
Statistical analysis was conducted using either Citox (D.7) software (body weight, feed consumption, haematology, blood biochemistry and urinalysis) or PathData (6.2d2) (organ weight). Specific statistical tests are specified where applicable in the text.
Results
The -GOS product was well tolerated throughout the study. There were no mortalities during the trial. Test article did not affect feed consumption in either male or female rats when compared to control rats. No test article-related toxicologically significant differences were observed in the clinical examinations, body weights, haematology, clinical chemistry, urinalysis, organ weights, gross or histopathology.
Clinical and ophthalmological examination
Animals were assessed for a variety of clinical signs of distress over the course of the study. Chromodacryorrhea was observed in one male and one female each receiving the -GOS product. While the chromodacryorrhea was only seen in animals receiving the -GOS product, chromodacryorrhea is observed in laboratory-housed Sprague Dawley rats and was not considered to be related to the -GOS product consumption. In the control group, five male rats displayed no abnormalities in fur appearance throughout the study. Of the five control male rats that did exhibit some fur abnormalities, there were five cases of scabbing (lasting 3-4 days) and one case of thinning hair (lasting from day 43 until killed). Seven of the 10 male rats receiving test article had no signs of abnormal fur; there were 2 cases of scabbing (lasting 14 or 26 days) and 1 case of thinning hair (lasting 14 days). Six of the 10 female control rats showed no signs of abnormal fur. Scabs presented on two control female rats (lasting 1-9 days) and there was one case of alopecia (lasting a day). Eight female rats receiving test article presented with no fur abnormalities. The two female rats that did present with fur abnormalities exhibited thinning hair and alopecia from 71 days to 72 days, respectively, until termination.
At the 12-week functional observational battery (FOB), both sexes in the treatment and control groups were normal for touch escape, reactivity to handling, touch response, auditory startle reflex, tail pinch response, forelimb grip strength, gait, posture and breathing. No animal in the study showed any evidence of salivation, lacrimation, piloerection, tremors, convulsions, ataxia, hypotonia, stereotypy or any excessive or abnormal defecation/urination. Stress-induced grooming was noticed in one male rat from both the control and -GOS product groups and two control female rats and one female given -GOS product. As this behaviour was seen in both control and -GOS product groups and is also part of normal behaviour, it was not attributed to the test item.
In both male rats and female rats, the calculated mean landing foot splay was slightly higher in the control group. Landing foot splay measurements were taken twice and a mean was calculated for each rat. In male rats, the higher mean landing foot splay in the control group was mainly due to an isolated animal for which both assays gave high values, leading to a higher mean when compared to other animals in the same group. In female rats, this was attributed to highly variable individual measurements in some control group animals, which increased the mean.
Body weight
The -GOS product did not affect the body weights of the rats compared to control (Table 1) . However, the body weight change was statistically lower in the treated female rats compared to the control female rats (7 g vs. 12 g, respectively) between days 64 and 71. As this finding was only observed during 1 week of feeding and did not significantly affect total body weights, it was considered incidental and not toxicologically relevant.
Haematology
Haematology parameters (Table 2) were not adversely impacted by test article administration. The female rats receiving the -GOS product had a statistically significant increase in mean corpuscular haemoglobin concentration (MCHC) compared to the control group (34.2 g/dL vs. 33.8 g/dL, p < 0.05). In view of the low magnitude of this change, and given that both MCHC values are within historical limits for these rats, and not observed in male rats, this isolated finding was not considered biologically relevant.
Clinical chemistry
In male rats from the -GOS product-treated group, blood glucose level (Table 3 ) was higher than in the control group (6.91 mmol/L vs. 5.99 mmol/L, p < 0.05) mainly due to two animals with concentrations at 9.35 and 8.10 mmol/L, which increased the mean glucose level for the -GOS product-treated group. The level of potassium (Table 3) was slightly lower in blood of female rats from -GOS product-treated group compared to the control group (3.52 mmol/L vs. 3.81 mmol/L, p < 0.01). For both parameters, all values were within the limits of historical data and not considered clinically adverse. 
Urine analysis
In male rats of the treated group, the urine of 3 of 10 animals tested positive for nitrites. A few white blood cells were also observed in the urine of one male rat receiving the -GOS product. However, these animals lacked any kidney pathology at histopathologic exam and did not display any clinical symptoms or organ weight changes.
Organ weights
The absolute and relative weights of the testes of rats receiving 2000 mg/kg/day of the -GOS product were significantly increased when compared to controls ( Table 4 ). The absolute liver weight in female rats was not changed between test and control groups; however, the liver weight relative to body weight was significantly increased in the female rats receiving the -GOS product compared to controls. This was not a consistent finding across genders, as there was no significant finding in the liver weights (absolute or as a percent of total body weight) in the male rats receiving -GOS product compared to the control group. No other differences in absolute or relative organ weights were noted between treated and control groups.
Histopathology
No adverse findings in gross or histopathology were attributed to test article. Slight lymphoid hyperplasia was observed in the spleen of a single male treated with the test article. As this observation may be occasionally seen in animals of this age, this isolated observation was considered not to be treatment related. Other changes were observed at a similar incidence and/or severity between both control and treated groups and were considered to be part of the normal background commonly seen in animals of this age.
Discussion
Daily oral (gavage) administration of AlphaGOS at 2000 mg/kg/day to Sprague Dawley rats for 13 weeks was well tolerated, and no clinical signs of toxicity were observed during the in-life phase. Chromodacryorrhea was observed with low incidence in two animals in the AlphaGOS group; however, it is occasionally observed in laboratory housed control rats and is not considered test article related or clinically significant. In male rats, the higher mean landing foot splay in the control group was mainly due to an isolated animal for which both assays gave high values, leading to a higher mean when compared to other animals in the same group. In female rats, this was attributed to highly variable individual measurements in some control group animals, which increased the mean. A statistically significant reduction in body weight change was noted in treated female rats compared to control female rats; however this finding was only observed during 1 week of feeding, did not significantly affect total body weights and was not present in the male animals. Therefore, this finding was considered incidental and not toxicologically relevant.
There was a statistically significant increase in MCHC in female rats receiving AlphaGOS compared to the control. In view of the low magnitude of this change, and given that both MCHC values are within historical limits for these rats, this isolated finding was not considered biologically relevant. While blood glucose levels for male rats receiving AlphaGOS were higher than in the control group, female rats did not show a similar increase. Potassium levels were slightly lower in AlphaGOS-treated female rats compared to control animals. However, male rats showed no significant changes in potassium levels. Additionally, all blood glucose and potassium values were within the limits of historical data and not considered clinically adverse. The lack of significant changes in clinical chemistries across both sex groups corroborates the conclusion that any changes were not likely to have been test article related.
While the liver increased as a percentage of body weight in female rats receiving AlphaGOS, the absolute weight of the livers did not differ significantly. Additionally, this change was only observed in the female rats and no change in liver weight was seen in treated male rats. There were no adverse effects seen in clinical chemistries and no corroborating findings in histopathology that would indicate an adverse effect on the liver. Therefore, the effect noted in the relative liver weights in female rats was not considered toxicologically significant. The testes of the male rats treated with AlphaGOS were significantly increased. However, the absence of a similar trend in the epididymis, a lack of adverse findings in histopathology, and corroboration that the weight of the testes was within historical limits (0.74-4.416 g) indicate that this finding is not an adverse effect related to test article intake. The slight lymphoid hyperplasia observed in the spleen of one test article rat is occasionally seen in animals of this age. As this was an isolated observation, it was considered not to be test article related.
Like beta-galacto-oligosaccharides (-GOS), RFO and AlphaGOS are NDOs. 5, 10, 11 The fact that the oligosaccharides reach the gut intact is the basis for their use as prebiotics. Raffinose and soy-based oligosaccharides have been shown to be sufficient sugar sources for multiple Bifidobacterium 12 and to increase Bifidobacterium in human intestines. 7, 8 Similar to -GOS, [13] [14] [15] [16] RFOs have also been shown to increase short chain fatty acids (SCFAs) and butyrate in the gut following ingestion. 17 SCFA lowers the pH of the colon, which inhibits the growth of pH sensitive microbes. Butyrate has been shown to play a role in maintaining the mucosal integrity of the colon. 18 -GOS has been recognized as safe (GRAS) in the United States for use in general feed and infant formulas, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] approved for use in infant and follow-up formulas in the European Union 29 and Australia/New Zealand 30 and labelled as a feed for specific health use in Japan. 31 Alpha-GOS is an alternative source for oligosaccharides in food and infant formula. European Food Safety Authority (EFSA) has opined that -GOS contained in AlphaGOS is a non-digestible carbohydrate for which there is adequate scientific evidence to support a health claim related to reduction of postprandial glycemic responses. 32 This 90-day oral toxicological rat study has established that AlphaGOS is safe and well tolerated under the conditions of the assay. The no observed adverse effect level exceeds 2000 mg/kg/day.
